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(54) Double-acting, two-stage pump 

(57) A reciprocating pump (10) Includes a housing 
(12),' a piston (14) slldeably mounted within the housing 
(12) for a reciprocating movement, a shaft (16) connect- 
ed to the piston (14) for reciprocating movement con- 
cun'ently with the piston (14), an Inlet valve (18), a dis- 
charge valve (20), and an Interstage valve (22). A first 
chamber (36) on one side of the piston (14) Is in fluid 
communication with an inlet (24) and a second chamber 



(38) on the opposite side of the piston (14) is in fluid 
communication with a discharge (40), and the first and 
second chambers (36, 38) are in fluid communication. 
At least part of the shaft (16) Is In the second chamber. 
The interstage valve (22), which controls the fluid flow- 
ing from the first chamber (36) to the second chamber 
(38), is closed during a suction stroke and is open during 
a compression stroke. 
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Description 

[0001] The invention generally relates to mechanical 
pumps and more particularly to a pump that can be used 
to pump a fluid that may be a liquid, a gas, or a combi- 5 
nation of both, and is particularly useful for pumping cry- 
ogenic fluids. 

[0002] Cryogenic fluids, such as liquefied hydrogen, 
oxygen, nitrogen, argon or liquefied air, and liquefied hy- 
drocarbons, such as iiquefied methane, butane, pro- io 
pane or natural gas, are typically stored and transported 
in pressurized containers. The containers are typically 
well-insulated and refrigerated to very low tempera- 
tures. Pumps are used to transfer such fluids between 
containers or from one container to a point of use. While ^5 
many types of pumps have been designed for these us- 
es, mechanical pumps of the reciprocating type have 
been prefen-ed for many applications. 
[0003] Reciprocating pumps generally are required to 
have a net positive suction head (NPSH), i.e., a suction 20 
head above zero, to prevent the loss of prime of the 
pump and/or to prevent or reduce any tendency to cav- 
itation within the pump. NPSH Is the required additional 
pressure above the saturation vapor pressure of a liquid 
at any given temperature. Cavitation Is the formation of 25 
vapor-filled cavities within the liquid caused in areas of 
the pump where the pressure of the moving liquid drops 
below the saturation vapor pressure. During compres- 
sion the collapsing cavities may cause shock, vibration, 
noise, and erosion of metal surfaces, all of which can 30 
damage the pump. 

[0004] The cryogenic pump disclosed in US-A- 
5,188,519 (Splugis) Includes a cylinder having a liquid 
inlet and a liquid outlet, and a piston reciprocally mova- 
ble within the cylinder and generally intermediate the liq- 35 
uid inlet and the liquid outlet. The piston has a liquid flow 
conduit therethrough generally co-axial with the cylin- 
der, the liquid flow conduit having an inlet end in liquid 
communication with the cylinder liquid inlet and an outlet 
end in liquid communication with the cylinder liquid out- ^0 
let. A piston rod Is attached to the piston for reciprocally 
moving the piston within the cylinder in a direction to- 
ward the cylinder liquid outlet. A valve operatively asso- 
ciated with and intermediate the piston rod and the pis- 
ton liquid flow conduit inlet end alternately opens and ^5 
closes the inlet to liquid flow, the valve being closed 
when the piston rod and piston are moved In the direc- 
tion toward the cylinder liquid outlet and being open 
when the piston rod and piston are moved in the recip- 
rocal direction. so 
[0005] The reciprocating cryogenic pump disclosed in 
US-A-4,239,460 (Golz) is designed to operate with a 
very low NPSH. This pump uses a reciprocating piston 
which divides a cylindrical housing Into a low pressure 
chamber and a smaller high pressure chamber. A gas ss 
inlet port extends through the side of the housing for 
channeling liquefied gas into the low pressure chamber. 
A fixed piston extends from an outlet end of the housing 



into the high pressure chamber. The fixed piston slides 
within a cylindrical skirt earned by the reciprocating pis- 
ton. Pressurized liquefied gas is supplied to an outlet 
through a passageway within the fixed piston. One-way 
valves control the flow of liquefied gas though the inlet, 
the several chambers and the outlet. During operation, 
the inlet fluid Is compressed In the low pressure cham- 
ber in an effort to condense any gas that may come into 
the pump so that the resulting liquid can be forced into 
the high pressure chamber. If there is insufficient gas to 
be compressed, holes in the low pressure chamber al- 
low excess liquid to return to a storage tank so that this 
chamber remains at relatively low pressure. 
[0006] US-A-4,447,195 (Schuck) and 4,559.786 
(Schuck) disclose a two-stage pump, which essentially 
is made of two separate pumps connected by piping, 
having two chambers. Pumped fluid must pass through 
both chambers, having no intermediate way of returning 
to a storage tank. If the pumping results In unacceptably 
high pressure between the two stages of this two-stage 
pump, the excess pressure is vented by a relief valve. 
[0007] US-A-4,639,197 (Tornare, et al.) discloses a 
pump for cryogenic fluids that has two pistons connect- 
ed by a common rod. The first piston is slightly larger in 
diameter than the second piston such that the second 
compression chamber is slightly smaller in volume than 
the first compression chamber. If there is excess liquid 
in the first stage of this two-stage pump, the excess liq- 
uid passes directly through the second stage, the first 
stage producing full discharge pressure. 
[0008] US-A-5,575,626 (Brown, et al.) discloses a 
two-stage cryogenic pump similar to the pump disclosed 
in US-A-4.239,460 (Golz). The major difference is that 
this pump has an added feature, the capability to draw 
liquid from the bottom of a container, rather than being 
mounted external to a container. 
[0009] US-A-5,884,488 (Graham, et al.) discloses a 
single-stage pump intended to pump liquid only (not a 
two-stage pump designed for pumping two-phase flu- 
ids). Although this pump has two chambers, the second 
chamber within the pump is not intended to be a com- 
pression chamber. The volume of the second chamber 
is very large, such that the compression ratio is extreme- 
ly slight. One embodiment of the pump has a first cham- 
ber and a second chamber communicating with the first 
chamber, a third chamber communicating with the sec- 
ond chamber, and a reciprocating piston separating the 
first, second, and third chambers from one another, and 
for drawing and compressing gas and liquid in any one 
of the chambers. 

[0010] US-A-5,511, 955 (Brown, et al.) discloses a 
cryogenic pump which Includes a reciprocating piston 
positioned in a first cyiindrlcal housing for dividing the 
interior of the housing into a supercharger chamber and 
an evacuation chamber on opposite sides of the piston. 
At least one supercharger chamber inlet port extends 
through the cylindrical housing directly behind the recip- 
rocating piston for channeling liquefied gas from a liq- 
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uefied gas inlet into the supercharger chamber. A fixed 
piston is mounted in the housing and extends into the 
evacuation chamber. The fixed piston engages a skirt 
earned by the moveable piston to fonn a high pressure 
chamber between the movable and fixed pistons. A liq- 
uefied gas' outlet extends through the fixed piston from 
the high pressure chamber to the ultimate outlet. 
[0011] There are various problems with the prior art 
pumps used to pump cryogenic liquids. For example, 
the prior art two-stage pumps do not necessarily allow 
all of the fluid pumped by the first stage to cany on 
through the pump to the discharge, the extra fluid having 
to be returned to a tank. Also, some of the prior art 
pumps require either oversized motors to allow for extra 
power required during the compression stroke or large 
flywheels to store energy during the suction stroke. 
[0012] It is desired to have a two-stage pump which 
operates as a single-stage pump when proper fluid con- 
ditions exist at the inlet, such that all of the fluid pumped 
passes through to the discharge. 
[0013] It is further desired to have a two-stage pump 
within a single housing whereby the size and cost of the 
pump are relatively less than the size and cost of prior 
art pumps. 

[0014] It is still further desired to have a two-stage 
pump that does not require a flywheel or oversized mo- 
tor to store energy, but rather stores energy as pressure 
inside the pump during the suction stroke. 
[0015] It also is desired to have an improved recipro- 
cating pump for pumping cryogenic fluids which over- 
comes the difficulties and disadvantages of the prior art 
to provide better and more advantageous results. 
[0016] The present invention is a reciprocating pump 
for pumping at least one fluid that may be a liquid, a gas, 
or a combination of both. A first embodiment of the pump 
includes a' housing, a piston slideably mounted within 
the housing for a reciprocating movement, a shaft con- 
nected to the piston and adapted for reciprocating 
movement concurrently with the piston, an inlet valve, 
a discharge valve, and an interstage valve means. The 
housing has a longitudinal axis, at least one inner wall, 
a first end, a second end opposite the first end, an inlet 
adjacent the first end. a discharge between the second 
end and the inlet, and an open interior between the at 
least one inner wall and the first and second ends. The 
piston is sHdeably mounted within the housing for a re- 
ciprocating movement substantially parallel with the lon- 
gitudinal axis. The piston has a first cross-sectional ar- 
ea, a front end facing the first end, and a rear end op- 
posite the front end, and divides the open interior into a 
first chamber having a first volume adjacent the inlet and 
a second chamber having a second volume adjacent the 
discharge. The first and second volumes vary inversely 
with the reciprocating movement of the piston. The first 
chamber is in controllable fluid communication with the 
inlet, the second chamber is in controllable fluid com- 
munication with the discharge, and the first and second 
chambers are in controllable fluid communication. The 



shaft, which has a forward end connected to the rear 
end of the piston and a rearward end opposite the for- 
ward end. is adapted for the reciprocating movement 
concun^ently with the piston, and at least part of the shaft 
5 is disposed in the second chamber. The inlet valve is in 
communication with the inlet and is adapted to control 
the fluid flowing through the inlet to the first chamber. 
The discharge valve is in communication with the dis- 
charge and is adapted to control the fluid flowing from 
10 the second chamber through the discharge. The inter- 
stage valve means is in communication with the first 
chamber and the second chamber, and is adapted to 
control the fluid flowing from the first chamber to the sec- 
ond chamber. The interstage valve means is closed dur- 
15 ing a suction stroke and is open during a compression 
stroke, the suction stroke and the compression stroke 
occumng In an alternating manner during the recipro- 
cating movement of the piston. 
[0017] Various types of fluid may be pumped by the 
20 reciprocating pump, including but not limited to cryogen- 
ic fluids. In one variation, at least a portion of the fluid is 
a single phase fluid. In another variation, at least a por- 
tion of the fluid is a two-phase fluid. 
[0018] In a prefen-ed embodiment, the piston is move- 
rs able relative to the housing and the housing has a fixed 
position. In another embodiment, the piston has a fixed 
position and the housing is moveable relative to the pis- 
ton. 

[0019] In the preferred embodiment, the part of the 
30 shaft disposed in the second chamber has a second 
cross-sectional area substantially equal to about one- 
half the first cross-sectional area. 
[0020] In another embodiment, the pump includes 
sealing means adapted to provide at least one seal be- 
ds tween the inner wall of the housing and an outer surface 
of the piston in an alternating manner during the recip- 
rocating movement. Preferably, the seal is provided dur- 
ing the suction stroke. The preferred sealing means in- 
cludes at least one piston ring mounted peripherally on 
40 the piston. 

[0021] In the preferred embodiment, at least part of 
the interstage valve means is mounted on the piston. 
However, other variations are possible. In one variation, 
the interstage valve means includes an inlet port in the 
45 inner wall adjacent the first chamber, a discharge port 
in the inner wall adjacent the second chamber, and 
transfer means adapted to transfer at least part of the 
fluid from the Inlet port to the discharge port, the inlet 
port being in fluid communication with the first chamber 
50 and the discharge port being In fluid commu nicatton with 
the second chamber. 

[0022] In addition, there are other embodiments of the 
invention, a reciprocating pump for pumping at least one 
fluid. One such embodiment includes a housing, a pis- 
55 ton slideably mounted within the housing for a recipro- 
cating movement, a shaft connected to the piston and 
adapted for a reciprocating movement concunrently with 
the piston, means for controlling the fluid through the 
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Inlet to the first chamber, means for controlling the fluid 
flowing from the second chamber through the dis- 
charge, and control means for controlling the fluid flow- 
ing from the first chamber to the second chamber, 
wherein the control means is closed during a suction 
stroke and is open during a compression stroke, the suc- 
tion stroke and the compression stroke occurring in an 
alternating manner during the reciprocating movement 
of the piston. In this embodiment, the housing, the pis- 
ton, and the shaft are ail substantially the same as or 
similar to the housing, the piston, and the shaft of the 
first embodiment described above. 
[0023] This alternate embodiment also may be used 
to pump various types of fluids, Including but not limited 
to cryogenic fluids. In one variation of this embodiment, 
the part of the shaft disposed in the second chamber 
has a second cross-sectional area substantially equal 
to about one-half of the first cross-sectional area. 
[0024] The invention will be described by way of ex- 
ample with reference to the accompanying drawings, in 
which: 

Figure 1 is a partial cross-sectional view of the 
present Invention; and 

Figure 2 is a schematic representation illustrating 
the pump of the present invention. 

[0025] The invention is a two-stage pump that is par- 
ticularly useful for pumping cryogenic fluids. However, 
the pump also may be used with other types of fluids 
that may be liquids, gases, or combinations of liquid and 
gas. The pump is capable of pumping two-phase fluids 
as well as single phase fluids. It has many uses, includ- 
ing but not limited to use in the system and method dis- 
cussed in U.S Patent Application No. 09/825784 and a 
con-esponding European patent application being filed 
concurrently with the present application. 
[0026] Figure 1 shows a specific arrangement of one 
embodiment of the pump. Figure 2 shows a simplified 
version of the pump to aid in understanding the opera- 
tion of the pump. 

[0027] Refemng to Figures 1 and 2. the reciprocating 
pump 10 includes a housing 12, a reciprocating piston 
14 within the housing, a shaft 16 connected to the re- 
ciprocating piston, an inlet valve 18, a discharge valve 
20, and an interstage valve 22. Fluid enters the inlet 24 
of the pump at a lower pressure and leaves the dis- 
charge 40 of the pump at a higher pressure. Sealing 
means between the inner wails 26 of the housing and 
the outer surface of the piston is provided by piston rings 
28 mounted on the piston. Sealing means between the 
inner walls of the housing and the outer surface of the 
shaft includes high pressure shaft seals 30 and low 
pressure shaft seals 32. An outlet 34 in the housing ad- 
jacent the shaft 16 provides a means for vapor return to 
a storage tank (not shown) for the cryogenic fluid. In the 
prefen-ed embodiment, the housing is cylindrical. How- 
ever, persons skilled in the art will recognize that the 



housing may have other shapes. 
[0028] The inlet valve 1 8, similar to a one-way check 
valve, allows fluid into the first-stage compression 
chamber 36 (or first stage or first chamber) as the piston 
5 1 4 moves back to the left in Figures 1 and 2. At the same 
time, fluid is expelled from the second-stage compres- 
sion chamber 38 (or second stage or second chamber) 
through the discharge valve 20, which also Is similar to 
a one-way check valve. The interstage valve 22 is 
closed during the suction stroke. As the piston begins 
the compression stroke, moving to the right in Figures 
1 and 2, the Inlet valve closes, and the interstage valve 
opens. Fluid then passes through the center of the pis- 
ton into the second stage of the pump. Depending on 
the compressibility of the fluid and system pressures, 
the fluid also may be expelled from the discharge valve. 
Since the volume of the second stage is less than the 
volume of the first stage, an incompressible fluid will 
pass through the pump and out the discharge 40. If the 
fluid is compressible, the fluid will be compressed to a 
higher density dependant on system pressures and fluid 
conditions. 

[0029] In the prefen^ed embodiment, spring-loaded 
valves are used for the inlet valve 18, interstage valve 
22, and discharge valve 20, as shown in Figure 2. (See 
for example, spring 42 of inlet valve 18 In Figure 1 .) How- 
ever, persons skilled in the art wilt recognize that other 
types of valves may be used, such as valves having oth- 
er types of biasing means and/or operating means. 
[0030] The structure and operation of the piston rings 
28 are discussed in greater detail in U.S. Patent Appli- 
cation No. 09/826050 and a corresponding European 
patent application being flied concun^entiy with the 
present application. 

[0031] Heat Is developed by the piston rings 28 due 
to friction. The amount of heat generated is significant, 
and can affect performance of the pump 10 If this heat 
enters the fluid prior to being pumped. Heat is generated 
when the piston rings are forced against the inner walls 
26 when there is a high differential pressure across the 
piston rings, and the frictional loads are high. For this 
two-stage pump, that time is when the piston 14 is on 
the suction stroke, i.e., the piston is moving to the left In 
Figures 1 and 2, and fluid Is being drawn in through the 
Inlet 24. At the same time, some fluid leaks past the pis- 
ton rings and into the first-stage compression chamber 
36, picking up heat from the inner walls and the piston 
rings in the process. When a cryogenic fluid Is being 
pumped, this heat will cause some of the fluid being 
drawn into the compression chamber to boil. To mini- 
mize the effect of this heating cycle, the piston rings 
have been designed to be cooled by the discharge fluid 
during the compression stroke. 
[0032] During the compression stroke, i.e., the piston 
14 is moving to the right in Figures 1 and 2, and fluid is 
being discharged through the discharge 40 via the dis- 
charge valve 20, the pressure differential in the pump 
10 Is such that fluid flows from the higher pressure flrst- 
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stage compression chamber 36 to the slightly lower 
pressure discharge. There is a slight pressure drop 
across the discharge valve as fluid flows through the dis- 
charge valve and out the discharge. This pressure drop, 
and the slight friction of the piston rings 28 against the 
inner walls 26 also allows this discharge fluid to pass 
around the piston rings and along the inner walls 26, 
thus cooling the inner walls of the housing. 
[0033] The piston rings 28 are designed to seal in one 
direction only, which allows a significant amount of the 
cold discharge fluid to pass around the piston rings and 
across the inner wails 26 of the housing 12, removing 
heat generated on the suction stroke when the piston 
rings are forced against the inner walls by the large pres- 
sure differential. Because the fluid being pumped is liq- 
uid, there is little temperature rise during compression. 
The liquid being pumped is cold, and this cold fluid then 
passes around the piston rings during the discharge 
stroke, cooling the piston rings and inner walls and pre- 
venting the inner walls and piston rings from increasing 
temperature. 

[0034] Since the pump 1 0 uses energy stored as pres- 
sure, there is no need for a flywheel. In the preferred 

embodiment, the cross-sectional area of the piston 14 
is exactly twice that of the shaft 16. For the case where 
the maximum amount of power is required by the pump, 
which is the case where an incompressible fluid is being 
pumped, the pressure on the back side of the piston is 
always nearly equal to the discharge pressure. The 
pressure on the back side of the piston Is not some lower 
interstage pressure when an incompressible fluid is be- 
ing pumped. On the suction stroke, the amount of force 
is 2 the area of the piston times the difference In pres- 
sure across the piston. For the compression stroke, the 
amount of force is again 2 the area of the piston times 
the discharge pressure. For each case, the amount of 
load is roughly equal, resulting in the amount of energy 
required during each stroke to be roughly equal. The 
maximum amount of energy required by the pump for 
any given inlet pressure and discharge pressure is dic- 
tated by an incompressible fluid. 
[0035] In operation, the following actions occur during 
the foHA^ard travel or stroke of the reciprocating piston 
14 (i.e., toward the inlet 24): 

1) The inlet valve 18 closes due to spring force on 
the inlet valve plus differential pressure across the 
inlet valve tending to close the inlet valve. The dif- 
ferential pressure is created as the volume in the 
first-stage compression chamber 36 decreases, in- 
creasing first stage pressure. 

2) The fluid in the first-stage compression chamber 
36 rises in pressure as the piston 14 moves toward 
the right. If gas exists, the increase in pressure will 
condense the gas into a liquid or a supercritical fluid 
(i.e., the fluid pressure increase is approximated by 
an isentropic process). 

3) The fluid in the second-stage compression cham- 



ber 38 decreases in pressure as the piston 14 
moves toward the right. Depending on the thermo- 
dynamic state of the fluid, some of the fluid may 
change state into a gas and expand as a gas (i.e., 
5 the fluid pressure decrease is approximated by an 
isentropic process). 

4) When the pressure in the first-stage compression 
chamber 36 has increased above the pressure in 
the second-stage compression chamber 38, the in- 

10 terstage valve 22 will be forced open against its 
spring load. At the same time, the piston rings 28 
will be forced off their respective seats by their 
spring load. Flow of fluid will occur though the Inter- 
stage valve and also around each of the piston 
15 rings. The flow of fluid around the piston rings helps 
to remove heat generated by friction of the piston 
rings against the inner walls 26. 

5) If and when the pressure in the second-stage 
compression chamber 38 has increased above the 

20 pressure on the outlet of the pump 10, the discharge 
valve 20 will be forced open against its spring load. 
Note that the total volume of the flrst and second 
stages decreases during the forward travel of the 
piston 14. This decrease in volume is equal to the 
25 cross sectional area of the shaft 1 6 times the length 
of stroke. 

[0036] Given a perfecfly incompressible fluid, step 3 
above will not occur, and a volume of fluid equal to the 
30 total reduction in volume of the first and second stages 
(36 and 38) will be discharged through the discharge 
valve 20 during the fon^/ard travel or stroke of the piston 
14. 

[0037] In operation, the following actions occur during 
35 the reanward travel or stroke of the reciprocating piston 
14 (i.e., away from the inlet 24): 

1) The inlet valve 18 opens due to differential pres- 
sure across the inlet valve, compressing the valve 

^0 spring 42. At the same time, the interstage valve 22 
closes due to spring force on the interstage valve 
plus differential pressure across the interstage 
valve tending to close the Interstage valve. The dif- 
ferential pressure is created as the volume in the 
45 first-stage compression chamber 36 increases, de- 
creasing first stage pressure. During this rearward 
stroke, fluid is drawn into this first-stage compres- 
sion chamber through the intake valve 18. 

2) When the pressure in the second-stage com- 
50 pression chamber 38 has increased above the pres- 
sure on the outlet of the pump 10, the discharge 
valve 20 will be forced open against its spring load 
and fluid will be forced out of the pump. 

55 [0038] The above description of the invention has fo- 
cused on the prefen-ed embodiment. However, persons 
skilled in the art will recognize that other embodiments 
and variations of the Invention are possible. For exam- 
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pie, although in the preferred embodiment, the shaft 16 
has a cross-sectional area substantially equal to about 
2 the cross-sectional area of the piston 14, that ratio of 
those cross-sectional areas may be varied. 
[0039] In the prefen-ed embodiment, the piston 14 is 
movable relative to the housing 12 and the housing has 
a fixed position. However, persons skilled in the art will 
recognize that the pump 1 2 may be designed so that the 
piston has a fixed position and the housing is movable 
relative to the piston. 

[0040] Variations in the interstage valve means 22 al- 
so provide for alternate embodiments. In the preferred 
embodiment, the interstage valve means is a valve 
mounted on the piston 14, and the valve controls fluid 
flowing from the first-stage compression chamber 36 to 
the second-stage compression chamber 38. In an alter- 
nate embodiment, the Interstage valve means is not 
mounted on the piston. In this case, there is an inlet port 
(not shown) in the inner wall 26 of the housing 12 adja- 
cent the first-stage compression chamber, and a dis- 
charge port (not shown) in the Inner wall of the housing 
adjacent the second-stage compression chamber. 
Transfer means (not shown), such as a conduit, trans- 
fers the fluid from the inlet port to the discharge port. 
The inlet port is in fluid communication with the first- 
stage compression chamber and the discharge port is 
in communication with the second-stage compression 
chamber. 

[0041] The pump 10 uses a two-stage approach to 
compressing a single phase or a two phase cryogenic 
fluid. The way the pump handles this two stage design 
is unique. .The pump uses a single housing 12 with a 
single piston 14 to create the two-stage affect. By com- 
bining the two stages into one housing, the overall de- 
sign is much more simplified and cost effective than prior 
art pumps. It also reduces the amount of energy re- 
quired during each half of the stroke, regardless of the 
condition of the fluid being pumped. This reduction in 
energy reduces the need for a flywheel or an oversized 
motor. 

[0042] The two-stage design allows all of the fluid to 
pass through both stages when a pure liquid is being 
pumped. None of the fluid is returned to the tank or vent- 
ed. Energy is stored during what is conventionally 
known as a suction stroke for-use during a compression 
stroke. 



Claims 

1 . A reciprocating pump (10) for pumping at least one 

fluid, comprising: 

a housing (12); 

a piston (14) slideably mounted within the hous- 
ing (12) for a reciprocating movement substan- 
tially parallel with the longitudinal axis of the 
housing (12) and dividing the housing (12) into 



a first chamber (36) adjacent a housing inlet 
(24) and a second chamber (38) adjacent a 
housing discharge (40), the volumes of said 
chambers (36, 38) varying inversely with the re- 

5 ciprocating movement of the piston (14); 

a shaft (16) having a forward end connected to 
the rear end of the piston (14) for reciprocating 
movement concun^ently with the piston (14), at 
least part of the shaft (16) being disposed In the 

10 second chamber (38); 

Inlet control means (18) to control fluid flow 
through the housing inlet (14) to the first cham- 
ber (36); 

discharge control means (20) to control fluid 
15 flow from the second chamber (38) through the 

housing discharge (40); and 
interstage control means (22) in fluid commu- 
nication with the first chamber (36) and the sec- 
ond chamber (38) to control fluid flow from the 
20 first chamber (36) to the second chamber (38), 

wherein the interstage control means (22) is 
closed during a suction stroke and is open dur- 
ing a compression stroke. 

25 2. A reciprocating pump as claimed in Claim 1 , where- 
in each of said inlet, discharge and interstage con- 
trol means comprise a respective valve biased to its 
closed position. 

30 3. A reciprocating pump as claimed in Claim 1 or Claim 
2, wherein the part of the shaft (16) disposed in the 
second chamber (38) has a cross sectional area 
equal to about one half the cross sectional area of 
the piston (14). 

35 

4. A reciprocating pump as claimed in any one of the 
preceding claims further comprising sealing means 
(28) to provide at least one seal between the hous- 
ing (12) and the piston (14) in an alternating manner 

40 during the reciprocating movement. 

5. A reciprocating pump as claimed in Claim 4, where- 
in the seal is provided during the suction stroke. 

45 6. A reciprocating pump as claimed in Claim 4 or Claim 
5, wherein the sealing means comprises at least 
one piston ring (28) mounted peripherally on the 
piston (14). 

50 7. A reciprocating pump as claimed in any one of the 
preceding claims, wherein at least part of the inter- 
stage control means (22) is mounted on the piston 
(14). 

55 8. A reciprocating pump as claimed in any one of 
Claim 1 to 6, wherein the interstage control means 
(22) comprises an inlet port in the housing (12) ad- 
jacent the first chamber (36), a discharge port in the 
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housing (12) adjacent the second chamber (38), 
and transfer means adapted to transfer at least part 
of the fluid from the inlet port to the discharge port, 
the inlet port being in fluid communication with the 
first chamber (36) and the discharge port being in 5 
fluid communication with the second chamber (38). 

9. A reciprocating pump as claimed In any one of the 
preceding claims, wherein the housing (12) has a 
fixed position. io 

10. A reciprocating pump as claimed in any one of 
Claims 1 to 8, wherein the piston (14) has a fixed 
position. 

15 

1 1 . A method of pumping at least one fluid using a pump 
as defined in any one of the preceding claims. 

12. A method as claimed in Claim 11, wherein at least 

a portion of the fluid Is a single phase fluid. 20 

13. A method as claimed in Claim 11, wherein at least 
a portion of the fluid is a two phase fluid. 

14. A method as claimed in any one of Claims 11 to 13 25 
wherein at least a portion of the fluid Is a cryogenic 
fluid. 
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